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Reactive Dve Compounds 



Technical Field 



The present invention relates to reactive dye compounds. In particular the present 
invention relates to reactive dye compounds having improved dye-bath Exhaustion (E) 
and improved dye-fibre covalent Fixation (F). 

Rackpround of the Invention 

Reactive dye compounds are known in the art for dyeing various substrates. Such 
substrates include for example proteinaceous materials such as keratin, e.g. found in 
hair, skin and nails and various animal body parts such as horns, hooves and feathers, 
and other naturally occurring protein containing materials, e.g. silk and saccharide- 
derived materials such as those derived from cellulose or cellulose derivatives, e.g. 
natural products such as cotton, and synthetic fibres such as polyamides. 

Examples of classes of such reactive dyes which are well known in the art include dyes 
containing a mono- or dichloro- or fluoro- 1,3,5-triazinyl group, mono- or dichloro or 
fluoro-pyrimidyl group, beta-halogen-propionyl group, beta-halogenoethyl-sulphonyl 
group, beta-halogenoethylsulphamyl group, chloroacetyl amino, beta-(chloro-methyl)- 
beta-sulphatoethylsulphamyl group, or a vinyl sulphonyl group. 

In the case of the dyes containing a triazinyl group or a pyrimidyl group, in place of the 
reactive halogen atoms one can use other groups which dissociate in the presence of 
alkali. Canadian Patent 771632, for example, discloses examples of such other groups 
including sulphonic acid, thiocyanate, sulphophenoxy, sulphophenyl thio, 
nitrosulphophenoxy groups, and quaternary ammonium groups. 

Dyes and Pigments 14, 1990, pages 239-263, "Synthesis and Application of Reactive 
Dyes with Heterocyclic Reactive Systems" discloses fibre reactive dyes containing 
monochloro- or dichloro-pyrimidine heterocycle with quaternary ammonium 
substiuents. 
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There are many different types of commercially-available reactive dyes for dyeing 
celluIos.c and polyamide-type substrates. However, a critical problem still facing the 
texule dye mdustry today is the significant level of dyestuff material wWch remains in 
he effluent waste water after the dyeing process is finished. The industry measure for 
5 this problem .s known as dye-bath Exhaustion (E). A high Exhaustion value for a 
particular dye compound means that a low level of spent dye remains in the effluent 
after the dyemg process is complete, while a low Exhaustion value means that a high 
level of spent dye remains in the effluent. There is clearly a need therefore for new dye 
compounds which have higher Exhaustion Values compared with commercially 
10 available dye compounds, and which provide benefits in terms of reducing levels of 
spent dyestuff in effluent water. 

AS well as having a high Exhaustion Value, it is also important for a dye compound to 
have a high dye-fibre covalem Fixation Value (F). The Fixation Value (F) of a dye 

15 compound is a measure of the dye affinity at the substrate surface. Thus, there is clearly 
a need to provide dye compounds having increased Fixation Values. A high Fixation 
Vdue can result in a simplification of the post dyeing "soaping off process" 
uadmonal ly associated with fiber reactive dye compounds. In particular, a high 
Fixation Value can result in a reduced time spent on the "soaping off process" together 

20 with a reduced cost. 

It has now been surprisingly found that a new class of fibre reactive dye compounds 
compnsing a nitrogen-containing heteiocycle such as pyrimidine substituted with at 
least one quatemized nitrogen derivative such as nicotinate, exhibit significanUy 
25 increased values of Exhaustion (E) and Fixation (F). Tliese dyes can be used on a wide 
variety of substrates. They are particularly usefiil for cellulosic substrates, such as 
cotton, and show significant improvements in terms of reducing spent dyestuff in 
effluent, increasing dye affinity to the substrate, and simplifying the post dyeing 
soaping off process" traditionally associated with reactive dyes. In addition the 
compounds of the present invention provide significantly more intense dyeings, and can 
be used for both high and low temperature dyeing, hence reducing the cost of the dyeing 
process. Furtiiermore, the compounds of the piesem invention can be used together 
with specific chromophores for cellulose substrate dyeing leading to significantly 
reduced levels of salt needed for dyeing. 
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'Nummary of the Invention 



According to the present invention there is provided a reactive dye compound having a 
Fixation Value (F) on ceilulosic substrates of 95% or greater as measured by the 
5 Fixation Value Technical Test Method (at 2: 1 standard depth). 

The compounds of the present invention exhibit increased Exhaustion (E) and Fixation 
(F) values and provide improvements in terms of reducing spent dyestuff m effluent, 
increasing dye affinity to the substrate, simplifying the post dyeing "soaping off 
10 process" traditionally associated with fiber reactive dyes and ability to dye at room 
tenperature and elevated temperatures. In addition, the compounds of the present 
invention provide significantly more intense dyeings, i.e. greater colour intensity m the 



15 



dyed substrate. 



Dfttailed De<<-ription of the Invention 



As used herein the term "reactive dye" means a dye containing one or more reactive 
groups, that is to say one or more groups capable of forming covalent bonds with the 
substrate to be dyed, or a dye which forms such a group in situ. 

As used herein the term "Exhaustion" in relation to reactive dyes means the percentage 
of dye which is transferred from a solution of tiie dye to the substrate to be treated at the 
end of the dyeing process, before rinsing and soaping. Thus 100% Exhaustion means 
that 100% of the dye is transferred from the dye solution to tiie substrate. 

AS used herein the temi "Fixation" in relation to reactive dyes means the percentage of 
dye which covalentiy bonds with die substrate, based on the dye originally absorbed 
during the dyeing process. Thus 100% Fixation means tiiat 100% of the dye absorbed is 
covalently bonded with the substrate. 

30 

The reactive dye compounds of the present invention have a Fixation Value (F) on 
ceilulosic substrates of 95% or greater as measured by the Fixation Value Techmcal 
Test Method described hereinbelow (at 2:1 standard depth). Preferably the reactive dye 
compounds of the present invention have a Fixation Value on ceilulosic substrates of 
35 97% or greater, more preferably 99% or greater. 
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Prefmed reactive dye compounds herein lave an Exliausiion Val,„ 
.ubsrra^s of m or greater as measured by 1 bZI VaT t Z " 
Me^tod descHbed hereinbeiow (a. 2:, stand^d IpthTrLrthl 
compounds of the present invention have an Exhaust* Val^ of 9 / ! " 
S « or .eater, even ^ p.,.,, ItJir:;" 

wrc:r™:r:^on%rrx: 

10 following equation: ^ ^ ^^"^ "^'"8 *e 



%T = (FxE)/100 
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rrporjvirr; -n: '"r - *t ~ 

e ciiiticncy value (T) on cellulosic substrates of ahmit «A <o/ « 

greater, preferably about 90% or m-eafer i , ^ . . ^^"^ °' 

93«/» or ^ ^ ^^^''^^ '^^P^)' more preferably about 

93 /o or greater, even more preferably about 95o/„ nr o«.o*- 

^ ^w-oiy aooui /» or greater, even more preferably ahnnt 

97% or greater, especially about 99% or greater. P^rerabiy about 



^° Exhaustion Value Techn.v.i Too^ ^p^hn^ 



Theory 



For dyeing lOOg of cotton, typically 1% dye on mass of fibre m f . • . . 

the dye m the dye bath ,s talten up by the fibre, would have a %E of lOOH The 
30 „t.on o dye in ^ dye^ initial,, (at time = 0, and at the ^ J^lZ 

m^surements of dye .»th samples (at the wavelength of maximum absorbance of the 
35 The %B Value can be calculated using the following equation: 
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E% = (b-a)A) X 100 -Equation 1 

where b is the initial Optical Density of the dye bath at the start of the long liquor 
dyeing process (at time = 0) and where a is the final Optical Density of the dye bath at 
5 the end of the long liquor dyeing process. 

Tngtniments Needed 

UV/Visible Scanning Spectrophotometer - to obtain maximum accuracy of 
10 measurement it is necessary to dilute the liquor so that a sample gives an Optical 
Density of below 0.6 (for adherence to Beer's Law). 

Test Procedure 

15 I . The following two dye baths were prepared to obtain a 2% on mass of fibre (o.m.f.) 
depth of shade: 

Dve Bath A 

20 2g of dye was dissolved in 48g of water. 8g of sodium sulfate was dissolved in 42g of 
water. The two solutions were mixed to form dye bath A. 

Dve bath B 

25 A second dye bath B was prepared in the same way as for dye bath A. 

2 . I OOg of bleached woven cotton fibre was added to Bath A. 

3. Bath A is agitated at 23C for 30 minutes. 2g of trisodium phosphate is then added to 
30 adjust the pH of bath A to pH 1 1.25 and dyeing is continued for a further 30 minutes 

at the end of which dyeing is complete. 

4. On completion of the dyeing process the Optical Density of Dye Bath A is measured 
using a Kontron UV/Visible Spectrophotometer to give the value "a" in equation 1. 



35 
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5. The Optical Density of Dye Bath of B was measured on the same instrument to 
obtam the value "b" in equation 1 . 

Fixation Val ue Technical Tgst MethnH 

Test Procediirff 



1. m dyed fabric obtained a, .he c«l of ,he long li<,„or dyeing process in d» 

^f""""" TecWcal Tes. McAod is „n,oved and excess li,„or is squeezed 
10 into the dye bath. 

2. The fabric is cut into two equal weight parts : Sample A and Sample B 

3. Sample B is dried in a,r overnight and kept as a control. Sample A is boiled for 30 
15 mmutes m 00ml of an aqueous solution of Sandozin NIE (non-ionic ethoxylated 

fatty alcohol detergent commercially available from Clariant) (2g/litre) in a 500ml 
beaker. Tlie procedure is repeated until the extract solution is visually colourless 
Sample A is then dried by hanging in air overnight. 

20 4. The reflectance spectra of both Samples A and B are measured using a Macbeth 
Colour Eye reflectance spectroscope with the following conditions: 

Primary illuminant D65 
Secondary illuminant C 
25 Specular component excluded 

UV excluded 
Small aperture 
lO** Observer 

30 5. The reflectance values for Samples A and B can be u^d to obtain their K/S (Fixation) 
Values - see equation 3 below. The K/S or Kulbelka Munk Values are proportional 
to the amount of dye remaining on the samples. 



Theorv 

35 
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The percentage relative Fixation (F%) or the amount of dye absorbed by the fibre which 
is covalently fixed is defined by the following equation: 

%F = K/Sa X 100 -Equation 2 

5 K/Sb 

K/S (Fixation) Values can be calculated from reflectance data using the following 
equation: 

10 n-RX)^ = K -Equations 

2ia si 

where K = K/S of the sample at wavelength X, 
SX 

15 

Rjl = fractional reflectance at wavelength X 

K/S is derived from the Kulbelka Munk theory and can be used as a measure of the 
amount of dye on the fibre. The higher the K/S Value the more dye on the fibre. 

20 

Thus for Sample A. Fixation Value = K/Sa, and for Sample B. Fixation Value = K/Sb- 

The percentage relative Fixation or the amount of dye absorbed by the fibre which is 
covalently fixed is thus defmed as : 

%F = KZS^ xlOO -Equation 2 

K/Sb 

The total overall efficiency of the process i.e. the fraction of dye originally applied 
30 which ends up covalently fixed to the fibre) may then be calculated as follows: 

o/oT = FxE -Equation 4 

100 



35 
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P^ferred compounds of ,he i„v».ion comprise a ch^mophore moiety and a 

n. roge„_„g taerocycle linked via a linking g„.up. The „..™gen.co„,ai„i„g 
he^ocycle preferably has a, leas, one quatemizednittogendenvadve 



Chromophore Moiety 



The reacuve dy. compounds her«n can comprise one or mo« chromophore moiedes 
In reacuve dye compounds comprising «o or more chromophore moieties d^ can be 
*e same or d,fferen,. Preferably d„ reactive dye compounds herein comprise from one 
'0 10 three chromophore moieties. """lone 

Any chromophore moieties suitable for use for dyeing subsua.es can be used in U„ 
pres«,t mvention. The tenn chromophore as used herein means any photoactive 
compound and tncludes any coloured or non-coloured light absorbing species eg 
15 fluorescent bnghtencrs, UV absoriws. IR absorbing dyes. s pe , g. 

Suitable chromophore moieties for use in ti« dye compounds herein include the radicals 
of monoazo, dtsazo or p„lya«, dyes or of heavy metal complex azo dye derived 
U«ueft„m or of an anttraquinone, phthalocyanine, formazan. azomediine, dioxazine 
20 phe^ne, sulbene. uiphenylmeti^e. xanthene. thioxandtene. niuoao, 
naphdioquinone, pyrenequinone or peryleneteuacarijimide dye. 

Sutable chrotuophor. moieties for use in .he dye compounds herein include a«>se 
^sclosed ,n EP.A.0,735.107 (Ciba-Geigy), incorpo^ed h«ei« by referee inching 
25 *e mdrcals d.scrib«l flKrein which conoin substiti.«,e cus.oma,y for organic dyes 

such as sulpho^u. substiti^nB which «*a„ce ti« wa.er.soluble properties of ti« dye' 
compound. ^ 

Most preferred chromophore D groups for use herein a« polysulphonated azo 

^^f^n , " (RTM) dyes commercially available 

from BASF, Dnmalan (RTM) dyes commercially available liom Clariant Drimarene 
(RTM) dyes comme«!ially available ftom Clarian. ^ Levaf.x (RTM) commercially 
available from Dystar. 

^ Nitroeen-cn ntaininp hpt^rru-y^i^ 
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The reactive dyes of the present invention comprise at least one nitrogen containing 
heterocyclic moiety. In reactive dye compounds containing two or more nitrogen 
containing heterocycles these can be the same or different. Preferably the reactive dye 
compounds herein comprise from one to three nitrogen containing heterocycles. At 
5 least one of the nitrogen containing heterocycle moieties herein is substituted with at 
least one thio-derivative and at least one quatemized nitrogen derivative. 

Suitable nitrogen containing heterocycles for use herein include monocyclic, bicyclic or 
polycyclic, unsaturated heterocycles containing at least one nitrogen heteroatom. When 

,0 monocyclic rings are used, they are preferably selected from unsaturated rings having 
from about 3 to about 7 ring atoms, especially 5 or 6 ring atoms, comprising from about 
1 to about 3 nitrogen heteroatoms, preferably 2 or 3 nitrogen heteroatoms. When 
bicyclic heterocycles are used, they preferably comprise an unsaturated nitrogen 
containing heterocycle having 3 to 7 ring atoms, preferably an unsaturated nitrogen 

15 containing heterocycle having 5 or 6 ring atoms comprising 1 or 2 nitrogen atoms, fused 
to a 5 to 7 membered carbocycle preferably a 6-membered unsaturated carbocycle. 
When bicyclic heterocycles are used, the thio- and quatemized nitrogen substituents are 
preferably attached to the nitrogen containing heterocyclic ring. 

20 Preferred for use herein are 5 or 6 membered unsaturated nitrogen containing 
monocyclic heterocyclic rings comprising 2 or 3 nitrogen heteroatoms or bicyclic nngs 
containing a 5 or 6 membered unsaturated heterocyclic ring containing 2 nitrogen 
heteroatom fused to a 6 membered unsaturated carbocycle. 

25 Examples of suitable heterocycles for use herein include, but are not necessarily limited 

pyrimidine, quinoxaline, pyrimidinone, phthalazine. pyndazone and 



30 



to tnazine, 
pyrazine. 



Preferred for use in the compounds herein are triazine, pyrimidine and quinoxaline. 



T inking Moietv 



The compounds herein further comprise a linking moiety to link each mttogen- 
containing heterocycle to each chromophore moiety. Any linking moieties suitable for 
35 use in dyeing substrates can be used in the present invention. Preferably the linking 
moiety is selected from NR, NRC=0, C(0)NR, NRSO2 and -SO2NR wherem R is H or 
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C]-C4 alkyl which can be suhwifiit*.^ k« k»i 

Mroxyi, cyan., CK, aJko " cT^ t T " """""^ " 

sulfa.o. When *e iL^o vc l^J^' ^'f" <" 

iii^u ulc neierocycle is a tnazine or pyrimidine a nr^fi-r,.^^ r i • 

«P«ialJy H. n 0' L 1 C4 alkyl, more preferably where R is H or CHj, 



A preferred suhsto. of ,h. compound, herein is a <,„a«mi.e<, ni-ogen subsU«»„. 

Suitable quatemized nitrogen derivatives for use herein c=,„ 
wherein Q is selects, from a„,i„es. saturated or u^t^ !L'^ .T"*""^ 
nittogen containing heterocyc.es having ft„„ ZT^'aCsl" ""f"' 
comprising a, least one nitrogen heteroal. 

Particularly prefened for use herem are Q groups selected fiom: 
NR"3, 





25 



COOH (nicotinate). 




30 
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COOH 



N 




CONH2 



N 



N 





CONH2 



N 





CONH2 




N 




CONH2 




N 




COOH (isonicotinate), 
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N 




CONH 



N 



N 



(DABCO), 



N 



CH3 

I 

N 




N 



CH- 
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(CH3)2N-NH2; 

N(CH3)2CH2COOH (dimethylaminobetaine); 
N(CH3)2(CH2)nNH2 
N(CH3)2(CH2)nN'^R"3; 
N(CH3)2CH2CONH2; 

wherein R" is Ci -C4 alkyi and n is an integer of from 1 to 4. 

Particularly prefeired quatemized nitrogen derivatives for use herein are nicotinate. 
DABCO, dimethylaminobetaine and isonicotinate, especially nicotinate. 

The quatemized nitrogen derivative is attached to the nitrogen-containing heterocycle 
via its tertiary nitrogen atom. 

In the case wher« the nitrogen containing heterocycle is a pyrimidine ring, preferred 
reactive dye compounds comprising at least one quatemized nitrogen derivative can be 
represented by the formula (I): 




Q+A- 



wherein: D is a chromophore group as defined hereinabove; 

L is a linking moiety as defined herein above; 

Q is a quatemized nitrogen derivative as defined hereinabove; 

X and Y are independently selected from chlorine, bromine, 
fluorine or hydrogen; 

A is selected from halogen, preferably chlorine or fluorine; 
provided that at least one of X and Y is fluorine. 
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and salts and esters thereof. 

In preferred embodiments, X is selected from chlorine or hydrogen, especially chlorine 
and Y is fluorine. 

Another preferred substituent on the heterocyclic ring in addition to the quatemized 
nitrogen derivative is a thio-derivative. Suitable thio-derivatives for use herein include, 
but are not necessarily limited to groups having the formula SR' wherein R' is selected 
from H or alkyl or preferably short chain alkyl (preferably less than about 6 carbon 

10 atoms), alkanol, alkyl carboxylate, alkylamide, alkylsulphonate, alkyl phosphonate, 
alkyl thiosulphonate, alkylamine, alkyl thiosulphate, aryl sulphonate, aryl carboxylate, 
aryl phosphate, aryl amine, cyanates, sulphonates, branched alkyl thio carboxylates, 
branched alkanol thiols, guanides, alkyl-a-amino-a-carboxylate, (di) thio alkyl esters of 
glycerol, alkyl thiol alkyl esters of glycerol, alkyl esters, mono thio diesters, thiol alkyl 

15 esters of ethylene glycol, alkyl thiol alkyl ester of ethylene glycol and alk^l thiolipoates. 
Preferably R' is selected from alkyl carboxylates and alkanols. 

Examples of suitable thio-derivatives include SR' groups where R is C1-C4 alkyl, 
(CH2)nC00H, (CH2)nCONH2, (CH2)nS03H, (CH2)nCOOM, (CH2)nP03H, 
20 (CH2)nOH, (CH2)nSS03-, (CH2)nNR"2, (CH2)nNV3, PhSSOs', PhS03H, 
PhP03H, PhNR"2, PhN^R"3, "CN, SO3-, (CH2)2CH(SH)R"(CH2)3COOH, - 
CH2CHOHCH2SH, and 



NH2. 

25 ^' 



/ 

H2C CH 

COOH 



30 



HC COOH 

CH2 COOH^ 
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C COOH 
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OH 



COOH 



10 CH- 




20 
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O 

H n(H2C) O C (CH2)n- 



O 

II 

CH2 O C (CHaV 



CHj O CO (CH2)n SH 



CH2 O C (CH2)n' 



O CO (CH2)„ SR" 



CH2CH2CH CH2CH2CH2COOH 



SR" 



-CH2CH2NH2. 

n is an integer in the range of 1 to 4 wherein within the same molecule n is not 
necessarily the same integer; and M is a cation of alkaline earth metal, alkali metal. 
NH4'^ or NR"3"*". 

20 Preferred thio-derivatives for use herein have the formula SR* wherein R' is 
(CH2)nC00H, (CH2)nOa and (COOH)CH2CH2(COOH). wherein n is an mteger 

from 1 to 4. 

Especially preferred for use herein are thioglycolate (R* = CH2C00H) thioethanol (R'= 
25 (CH2)20H) and succinate (R = (COOH)CH2CH2(COOH)). especially thioglycolate. 

Thus preferred reactive dye compounds of the present invention comprise at least one 
chromophore moiety, at least one nitrogen-containing heterocycle and a linkmg group to 
link each chromophore moiety to each nitrogen-containing heterocycle characterised m 
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and a, te, one ,„erm«l „,„«ge„ derivative. SuiBble chromophore moieues 
n«.o,„r,n, hete^cydes. UnJung uUo^erivadves L Jel^d 

niTOgen denvaives are as described above, quatemized 

^ially p..fe„d compounds having bod, a ,„a«r„i^ed ™,™gen derivative and a 
thio^nvat, ve may be represented by the following fonnuia (II): 




wherein: 



D is a chromophore group as described hereinabove; 

L is a linking moiety as defined herein, preferably selected from NR 
NRC=0, NRS02, wherein R is as defined hereinabove; 

Z is a nitrogen containing heterocycle as defined hereinabove; 

SR' is a thio-derivative as described hereinabove, 

Q is a quatemized nitrogen derivative as described hereinabove, 

A is halogen, preferably chlorine or fluorine; 

and salts and esters thereof. 




Q+A- 



wherein: 



B IS a chromophore D as defined above, bifimctional chromophore or 
other organic radical suitable for use in place of a chromophore such as 
those taught in the art (see for example EP-A-0,735,107). provided that 
the reactive dye compound contains at least one chromophore group 
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10 



15 



20 



25 



30 



Suitoble B groups included P-sulphatoethylsulphonyl benzene, vinyl 
sulphonyl benzene, chloroethylsulphonyl benzene. P-s-thiosulphatoethyl 
sulphonyl benzene, di(ethylsulphonyl) chromophore 

L, Z, Q, A are as defined hereinabove; 
J is selected from S, O, NH 
K is selected from Q . halogen 

l' is a linking group which can be any suitable biradical linking group 
suitable for use in dye compounds and is preferably selected from B 
wherein B is as defined above, C1-C4 alkyl, esters having the formula 
(Al) diesters having the formula (Al), amides having the fomiula (Al), 
diamides having the formula (Al) wherein Al is (CH2)0-2-(C(0)-J)o,l- 
(CH2)l-4-(J-C(O))0,l-(CH2)0-2-(J-C(O))-(Cl-C4HC(O)-J)- where J .s 

0,NHorS; 

C1-C4 dialkyl sulphides, C1-C4 dialkylsulphoxides. C1-C4 dialkyl 
sulphones, C 1 -C4 dialkyl carboxylates, or groups having the formula: 



HS (CH3)r4— C(0)— N ^N— C(0) (CH,),v 



SH 



or 



"A 

H^CCH),-.— CP)— liH N— CP)— (CHA--— SH 



Suitable examples of V include succinate, diethyl sulphide, p- 
sulphatoethylsulphonyl benzene, vinyl sulphonyl benzene, 
chloroethylsulphonyl benzene, p-s-thiosulphatoethyl sulphonyl benzene, 
di(ethylsulphonyl) chromophore, ethyl, diethylsulphone, isopropanol. 

Another preferred reactive dye according to the present invention can be represented by 
compounds of the formula (IV): 
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where.: B L Z, Q, K. J and A are as defined above and L" is a linking group 

which can be any suitable triradical linking group suitable for use in dye 

Zr^JT " diethylenetriamine 
and N,N.N tnpropanoylaminohexahydrotriazine provided that the 
reacnve dye compound comprises at least one chromophore group. 

Another preferred reactive dye compound according to the pt^sent invention can be 
represented by compounds of the fonnula (V): 




-A+Q 



wherein: 



each of D, L. Z, R', Q are as defined above; 

V and W are independently fleeted from NR, or SR' wherein R and R' 
are as defined hereinabove, Q , halogen. 

Anote pr=f.n«l r«»ive dye co™p„„^ accorfmg to fte presem invenUon can be 
represented by compounds ofihe fonnula (VI): 
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•RS. 



Q+A- 




10 



15 



20 



25 



wherein- each of B, Z, Q, A, R', L , V and W are as defined above, provided that 

the reactive dye compound contains at least one chromophore group. 

In the above formulations it is to be noted that within each compound each of the 
defined groups may be the same or different. For example in formula V one of the Z 
groups may be pyrimidine and the other Z group may be triazme. 

The dye compounds having the formula (1) can be prepared by reacting suitable 
precursors of the dye of formula (I) with one another, at least one of which contains a 
group D-L-pyrimidine, wherein D, and L are as defined above, and at least one of which 
contains a Q group (wherein Q is as defmed above). 

Dye compounds having the formula (1) wherein X is fluorine and Y is chlorine can be 
prepared by reacting a difluoromonochloro pyrimidine dye such as those «"^ly 
avlble from Clariant under the tradenames Drimalan (RIM) and Dnmarene (RTM), 
with a suitable reactant containing a Q group. 

,n ^ p«pa«Uon of dye con^ having *e taula (1), *c ^on, of Ae s^g 
dye compounds wilh Ihe reacun. containing a Q group are generrtly c»ned out a. . pH 
of ftom about 5 to about 6, and at a temperature of about 4(M5°C. 

The reactive dyes having the fomtula (1.) above can be prepare! by 

precursors of the dye of formula OD with one another, a. least one of whch contams a 



15 



20 



25 



30 



35 



WO 99/51686 

22 PCT/US99/07294 

group D-L-Z, wherein D, L and Z are as defined above at least one nf 

R' grouD fwherein R ' ic oc ^ r j u °^ contains an 

IV gruup (^wnerein K »s as defined above) and at least nn*. of «.w.vk 

(wherein Q is as defined above). ^'^^ ' ^ ^°"P 

5 For example, dye compounds of the invention having a formula (II) wherein Z is a 
naztne heterocycle can be prepared by reacting a dichiorotriazine dye suTas th s 
commerctally available from BASF under the tradename Procion (RTM) ^^1^^ 
^ctant containing an R' group and then reacting the .nte Jdiat" m^^^^^^^ 

^ obtained with a suitable reactant containing a Q group. compounds 

Dye compounds of the invention having a formula (II) wherein Z is a ovrim.H- 
heterocycle can be prepaid by reacting a difluoromonochloro p^^mid i e d^^^^^^^^^ 

unmarene (RTM), with a suitable reactant containing an R' j >. 

Dye compound, of .he invemion having a fo™„h (,„ ^ ^ 

he„ can he prepared by reading a suchT^ 
con™e.«.,y available 6^ Dysur under .he ttade„an« Levof,x(R™) ali!^ 

m^"' » s™;^ and reac^ng «,e inie^ediaL dye oiTnl ^ 
suiiaoie reactant containing a Q group. 

In the pj^atation of the dye compounds having the fomiula (II), the reactions of the 

z:z " ^^^"^ — « - ^^^^ 

out at a pH of from about 7 to about 10, and at a temperature of about 0-5 C Th. 
reactions of the intermediate dye compounds with the reint contail^g Q '^^^^^ 

about 50-85C. In particular, the reactions of the intemiediate dye compounds with Z 
55C when Z ,s tnazine and 75-85 C when Z is pyrimidine. 

In general dyes having the formulae (II) - (V) can he nr^n„»^ k • u 

/.u- • /. . ' I. V ; can oe prepared by using the same eeneral 

itr^i^J::. --n 

Tie dye compounds herein are suirable for dyeing a™) printa a ™de varierv of 
subs-a-e, »cb a, siU. ,ea*er. .„„,, p„.,e«„, ^^^^ ~ 
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polyurelhanes, keraiin fibres such as hair, and in particular cellulosic materials, such as 
the natural cellulose fibres, cotton, linen, hemp and the like, paper, and also cellulose 
itself and regenerated cellulose, and hydroxyl-containing fibres contained in blend 
fabrics, for example blends of cotton with polyester or polyamide fibres. 

The dye compounds of the present invention can be applied and fixed to the substrate in 
various ways, in particular in the fonn of aqueous dye solutions and printing pastes. 
Thus according to the present invention there is provided a dye composition comprising 
one or more of the dye compounds described herein together with any carrier material 
10 suitable for use in a dye composition. 

Preferred dye compositions herein comprise an acidic buffer material. Any acidic buffer 
suitable for use in dye compositions can be used herein. An example of a suitable buffer 
is a mixed phosphate buffer. 



15 



20 



When the dye composition herein is in the form of a paste a preferred ingredient is a 
thickening agent. Any suitable thickening agents suitable for use in dye compositions 
can be used herein. 

When the dye composition is in the form of an aqueous solution or aqueous gel/paste, 
the dye composition preferably has a pH of about 5 or less, preferably firom about 2 to 
about 3. 

When the dye composition is being used for dyeing hair, the composition can comprise 
25 one or more of the compounds described herein either alone or in admixture with other 
well known hair dye compounds such as oxidative dyes, direct dyes, and the like. 

The dyeing and printing processes which can be used with the dyes herein are 
conventional processes which are well known and which have been widely described m 

30 the technical and patent literature. The dye compounds herein are suitable for dyemg 
both by the exhaust method and also by the pad-dyeing method, whereby the goods are 
impregnated with aqueous, salt-containing or salt-free dye solutions and the dye is fixed 
after an alkali treatment or in the presence of alkali, if appropriate with the applicauon 
of heat. The dye compounds herein are also suitable for the cold pad-batch method, 

35 after which the dye together with the alkali is applied to the pad-mangle and then fixed 
by several hours of storage at room temperature. After fixing, the dyeings or pnnts are 
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U,o™.ghly rin«d wiU, coU »d ho. water, if appropriate wi* ^ addiUon of an agen, 
actmg as a d.spersa„, and promoting difteion of the non-flxed porUons. 

Th,^ in accordance with another aspect of the present invention there is provided a use 
of the reacttve dyes of the present invendon for dyeing and printing substrates such as 

be .«d ■„ methods of dyetng all of the substrates listed above by applying an aqueous 
solunon of one or more of the reactive dyes of the present invention to the substrate to 
be dyed under suitable condiUons of pH and temperattlre. 

The foUowing examples serve to illustrate the compounds and compositions of the 
present invention. » mc 

The starting compounds and components given in the examples below can be used in 
the torm of the free acid or in the form of their salts. 

Examples 
Example 1 

^^ ^ti,io,|vc.M o, non.nro,invi Mka^d^toMMi^ 



The monotUoglycoUtomonomcotinyl ttiazine dye is prepared uang the synthesis „ute 

as illustrated m Diagram 1 . 



The symhests consists of two pam, the firs, part for the prepantUon of monochloro- 
n>onoUno8^yco «o triazine «.d the second par, for the preparation of 
monoth,oglycola«>n™K,nicotinyl triazine as shown in the reaction mechanism below 
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Diagram 1 

In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example a variety of Procion (RTM) dyes commercially available 
from BASF are used as starting materials, in particular, Procion Red MX-8B, Procion 
Yellow MX-8G and Procion Blue MX-2G. 

Synthesis of monochloromftnothioelyrnlato triazine dve 



The first part of the synthesis is to obtain monochloro-monothioglycolato triazine. An 
aqueous dye solution (O.lmol/lOOml. pH 7.5) of a purified Procion (RTM) 
dichlorotriazine dye is prepared. To this solution, a O.lmol solution of Meicaptoacetic 
acid is added by slow dripping at a temperature of between 0 and 5°C. After the 
addition of mercaptoacetic acid, the pH of the system is adjusted to 8 using sodium 
carbonate and HCl. The reaction is then allowed to proceed, at O-S'C and pH8, for 5-8 
hours. For each individual dye, the required reaction time is different (7-8 hours for 
Procion Red MX-8B, -6 hours for Procion Yellow MX.8G and ~5 hours for Procion 
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10 



15 



Blue MX.2G). During the synthesis, a rapid pH drop is observed which is brought back 
up to pH 8 using the buffering agents. The end-of-reaction point, for this part of the 
synthesis, .s indicated by the pH of the reaction system remaining constant for more 
than 5 minutes. At this poim, the dye monochloro-monothioglycolato triazine is 
obtained. At the end of the synthesis, the pH of the system is reduced to below pH 2. 
The solid raonochloromonothioglycolato triazine dye compounds is then obtained 
following precipitation and filtration. 

Synthesis of Monnthinpl ycolatomnnnnicotinvl tria7in<. Hy p 

In the second part of the synthesis, the monochloro-monothioglycolato triazine obtained 
from the first part of the synthesis is reacted with nicotinic acid. An stoichiometric 
excess of an aqueous solution of nicotinic acid (pH5-5.5) is added to an aqueous 
solution of monochloromonothioglycolato triazine dye solution. The temperature of the 
reaction system is then raised to 50~55T and the pH adjusted to 5-5.5. The reaction is 
allowed to proceed, under these conditions, for a period of time. Again, a rapid drop in 
pH of the synthesis system is observed. The end-of-reaction point is, again, indicated 
by the stabilisation of the pH for more than 5 minutes. For each individual dye, the 
required reaction time is different (4-5 hours for Procion Red MX-8B, ~3 hour^ for 
Procion Yellow MX-8G and 2-2.5 hours for Procion Blue MX-2G). At this point, the 
monothioglycolatomononicotinyl triazine dye is obtained. 

At the end of the synthesis, the reaction system is inmiediately cooled to below 5»C and 

its pH reduced below 2, in order to prevent the hydrolysis of 

monothioglycolatomononicotinyl triazine dye. The soUd 

monothioglycolatomononicotinyl triazine dye is then obtained following precipitation 
and filtration. 

The solid monothioglycolatomononicotinyl triazine dye obtained is rinsed with acetone 
4-5 times to ensure they are free of water and then stored at 0-5»C. 

Example 2 

Synthesis of monothiop>ly colatomnnni^onicotinvl tria7in<» Hy ^ 

The monothioglycolatomonoisonicotinyl traizine dye is prepared using the synthesis 
route illustrated in Diagram 2. 
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D HN 




D HN 

thioglycolic acid 



N 0-5°C,pH7.5-8 




50.55^C 
pH5-5.5 



SCH2COOH 




coo- 



10 



15 



20 



D HN 




SCH2COOH 



coo- 



Diagram 2 

In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example Prccion (RTM) Red MX-8B is used as a startmg 
material. The Procion Red MX-8B in this example can be -bsttrnted by other 
dichlorotriazine dyes such as Procion (RTM) Yellow MX-SG or Procion Blue MX-ZG. 



, synthesis consists of two parts, the first part for the preparation of 
,„ochloromonothioglycolatotriazine dye and the second part for the preparation of 
•nothioglycolatomonoisonicotinyl triazine dye. 



<; ynthP.i. of mop nrhlnrnmonothioflvrolato triazine dye 

The preparation of monochloromonothioglycolato triazine dye is carried out in the same 
« and using the same Procion starting dyes as described in Example 1 above. 



wo 99/51686 



28 



PCT/US99/07294 



Synthesis of mono,hiof.|yr nhtnn,iinoisoni..,.nv. tw.,;^ 



d«ulW wa>=r. The tempemure of >h. reaction syaem is to rabed ,0 55»C ami T 

^t'^:!! a' 'rr""" ' "■^-^ -"^^ t 

filttarion and acetone washing are .Tf t °' °' Pr«ip,Mon. 

The yield i. over 85%. ^« ^ =»PO"i prepared in Example , . 

Example 1 

Synthesis of Monoth io.lvc.l.t j , , 



tnazine dy p 

The monothioglycolatomonodiazabicyclooctane triazine dye is Dren.r.H u 
synthesis route as illustrated in Diagram 3. ^ ^ """^ 
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D HN 



^ >^ D— HN 

thioglycolic acid 
N 0-5^C, pH7.5-8 





CI 



55X 
pH5J 



SCH2COOH 



N 



\ 
I 



D HN 




SCH2COOH 



cr 



Diagram 3 



\ 
/ 



,„ *e reacta scheme D is a chromophore and varies depending on »hich sjaning dy. 
5 is used. In *e p^sent example Procion (RTM) Red MX-SB is used as U« surung 

material. 

The symhesis consbu of two pam. Ae firs. p». for U.e preparation of 
„„nochloron»noU>ioglycola»<riazine dye and *e second par. for *e preparation of 
,0 monoMoglycolati-monoDABCO tiiazin. dye. The "! 
mo„ochilti.ioglycola.otiiazi«e is carried out in ,he same manner as descnbed ,n 

Example 1 above. 

,n *e seco^i par. of ti,e syndesis, monochlo-omonothioglycoUti. 
,5 from .he frs. pari of *e synti»sis is reac.ed witi. ""-^''i-" 

moles of *e monochloromonoMoglycolato ttiazine dye ,s placed m a fbsk »geU,« 
^ti, 0.03 moles of DABCO in d^Ued wa.er. The «mpe,a«« of *e jesulnng »U«n 

is Aen raised «> SS'C and ti.e pH adjosttd «. 5.5. ^ reacnon .s allowed ti> proceed 
K men raiseo. ^ ^^is 

under Ihese conditions for 15 mmwes. Agam, a rap ' ' 

20 sysKm was observed which is brough. back up .o pH 5.5 by *e buffermg agen.s. The 
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«d.poi„, of U,e re^tion is agau, indicated by ,he s,ab,.isa,i„„ of Ac pH for „,o„ .han 5 

minutes. The conditions of precipitation, filtration and 
for Example 1 above. The yield is over 85%. 

5 Example 4 



10 



acetone washing are the same as 



Synthesis of monorJiio.lvcnhtnn...^^ iniethvhminoK.t.;^^ 

The monothioglycolatomonodimethyl^^^^ triazine dye is prepared using the 

synthesis route as illustrated in Diagram 4. ^ 



15 



D HN 




thiogiycolic acid 



N 




0-5X, PH7.5-8 



CI 




SCH2COOH 



55°C 
pH 5. 



• N CHjCCX^- 



CH. 



\ 
/ 



20 




SCH2COOH 



Diagram 4 



CH2C00. 



\ 
/ 



In s^o.. ctao^ophore and van« depending on which s«ng dye 

« used In ,he presen. example I.r«=i„„ (RTM) fM MX-8B is used as Ute s<aning 
bu, od,er suiuble dichlo„,ttazi„e dye compounds can also be us«i as staging 
nuuenals su:h ^ Procion (RTM) Yellow MX-SO and Pracion (RTM) Blue MX-2G 
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The synthesis consists of two parts, the first part for the preparation of 
monochloromonothioglycolatotriazine dye and the second part for the preparation o 
monothioglycolatomonodimethylaminobetaine triazine dye. The preparation of 
monochlorothioglycolatouiazine is carried out in the same manner as described m 
Example 1 above. 

In the second part of the synthesis, monochloromonothioglycolato triazine dye obtained 
from the first part of the synthesis is reacted in aqueous solution with 
dimethylaminobetaine. 0.01 moles of monochloromonothioglycolato Uiazine dye is 
placed in a fiask together with 0.01 moles of dimethylaminobetaine in disUUed water. 
The temperature of the reaction system is then raised to 55°C and the pH adjusted to 5.5. 
The reaction was allowed to proceed under these conditions for 10 to 15 minutes. A 
rapid drop in the pH of the synthesis system was observed which is readjusted to pH 5.5 
ulg the buffering agents. The endpoint of the reaction is indicated by the stabilisation 
of the pH for more than 5 minutes. The conditions of precipitation, filtration, and 
acetone washing are the same as for example 1 above. The yield is over 85%. 

t<.^ample 5 

tt ynthesis of p^^"'^thinethan o ''"^"'^»icotinvl triazine dye 

The monothioethanolmononicotinyl triazine dye is prepared using the synthesis route as 
illustrated in Digram 5. 



25 
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D HN 




thioethanol 



0 HN 



pH 7-7.5, 0.5°C 




CI 



55°C 
pH 5. 



5.5 



SCH2CH2OH 





coo- 



\ 
/ 




SCH2CH20H 



\ 
/ 



Diagram 5 



coo- 



m ""Tr*' <«chl...ria^ dy. compounds can also be used as s^ 
raatemls such as P™ion Yellow MX-SG and Pro^ion Blue MX-2G. 

The synUwsis consisis of two pans, d>e first uan fo, ,h. „ 
monochlotonK^o^uoethanol .ia^ dye and the lo^il 1 
mono.hiogl,col.to„,onodh.e.hyla.i„„i«l„e Z^.. " °^ 

0.1 ™,1. of Procion Red MX-SQ dye in disUUed water is ^d to a fiask. The flask is 
^ed u, an tcc-w^er hath, 0.1 moles of thioethanol is th«. added drop-wise, to the 
reacon m^ under sUmng. The total addiUon time is one hour. L pH of Z 

"c ti T- " "'t'^"'' " °f «acdo„ systemt 

5C dunng ad<l.t.on of thioethanol. Be reaction is then allowed to proceed I 0-5»C 
and pH 7.5-8 (whu^h ,s corrected using sodiun, carbonate ami HCl) for 5 hours. n« 



PCT/US99/07294 _ 

WO 99/51686 

33 

endpoint of the reaction is indicated by the pH remaining constant for more than 5 
minutes At this point, the monochloromonothioethanol triazine dye is obtained. Using 
6N HCl. the pH of the system is then reduced to below pH2 to terminate the reaction. 
KCl (35% of the total solution) is then added to the reaction mixture in order to 
precipitate the dye. Filtration using Whatman filter paper followed. The precipitate is 
then washed with acetone for 4-5 times (50ml of acetone used each time) to obtam the 
final dye product. 

«; Y"th«'<;i«t nf monotbinethanolmo "»nicotinvl triazine dye 

0 1 moles of monochloromonothioethanol triazine dye obtained from the above reaction 
is added to a flask together with 0.3 moles of nicotinic acid in distilled water. The 
temperature of the reaction system is then raised to 50-55°C and the pH adjusted to 5- 
5 5 The reaction is allowed to proceed under these conditions for 30 mmutes. Agam a 
15 rapid drop in pH is observed which is readjusted to pH 5-5.5 using buffering agents. 
The endpoint of the reaction is again indicated by the stabilisation of the pH for more 
than 5 minutes. The conditions of precipitation, filtration and acetone washmg are the 
same as above in the first part of the synthesis. The yield is over 85%. 

20 F.xamole 6 

g ynthP^k of monothio '^'"'^i»atemononirotinvl triazine dye 



10 



25 



The monothiosuccinatemononicotinyl triazine dye is prepared using the synthesis route 
as illustrated in Diagram 6. 
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thiosuccinic acid 



pH7.5, 0-ST 



N 



CI 



50°C 
pH 5-6.5 



TSA 





COO- 




TSA 



Diagram 4 



COO- 



In the ..acnon scheme D is a ch«,mophore and varies depending on which starting dye 

IS used In the present example Piocion (RTM) Red MX-8G is used as the starting 

matena , but other suitable dichlorotriazine dye compounds can also be used as starting 

materials, such as Procion (RTM) Yellow MX-8G and Procion (RTM) Blue MX-2G In 

the above reaction scheme TSA denotes thiosuccinate attached to the ring via its sulphur 
atom. *^ 



The synthesis consists of two parts, the first part for the preparation of 
monochloromonosuccinate triazine dye and the second part for the preparation of 
monosuccmatemononicotinyl triazine dye. 

Synthesis of MonQChlnrnrnmn nothios.,rrin».t^ fri^ ^^^^ ^, 

01 moles of pure Procion Red MX-8G dye in distilled water are introduced into a flask 
The flask was placed in an ice-water bath. O.I moles of thiosuccinic acid is then added 
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dropwise with stirring. The addition time is 1-1.5 hours. The pH of the reaction system 
is maintained at pH7.5 and the temperature of the reaction system is 0-5°C throughout 
the addition of thiosuccinic acid. 

5 The reaction is then allowed to proceed, at O-S^C and pH7.5-8 (which is corrected using 
sodium carbonate and HCl) for 6 hours. The endpoint of the reaction for this part of the 
synthesis is indicated by the pH of the reaction system remaining constant for more than 
5 minutes. At this point, the dye monochloromonothiosuccinate triazine dye is 
obtained. Using 6N HCl, the pH of the system is then reduced to below pH 2 to 

10 terminate the reaction. KCl (35% of the total solution) is then added to the reaction 
mixture in order to precipitate the dye. Filtration using Whatman paper followed. The 
precipitate is then washed with acetone for 4-5 times (50ml of acetone was used each 
time) to obtain the final dye product. 

15 Synthesis of mnnnthiosucc inatemononirotinyl triazine dye 

0 01 moles of the monochloromonothiosuccinate triazine dye obtained from the first 
part of the synthesis is introduced to a flask together with 0.03 moles of nicotinic acid m 
distilled water. The temperature of the reaction system is then raised to 50<'C and the 

20 pH adjusted to 5-5.5. The reaction is allowed to proceed under these conditions for 15- 
20 minutes. Again a rapid change in the pH of the synthesis system is observed which 
is readjusted to pH 5-5.5 by addition of buffering agents. The endpoint of the reaction is 
indicated by the stabilisation of the pH for more than 5 minutes. The conditions of 
precipitation, filtration and acetone washing are the same as for Example 1 . The yield is 

25 over 85%. 

Example 7 

c y.th.cu nf mono.5.chloro -^-"i''"tinvl-4-thioplvcolato pvrimjdiqe ^yg 

30 

The mono5-chloromono4-thioglycolatomono2-nicotinyl pyrimidine dye is prepared 
using the synthesis route as illustrated in Diagram 7. 



35 
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COO- 



D HN 
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coo- 



cr 
SCH2C00H 



Diagram 7 



\ 
/ 



-^».«d for an, sui«b,. difluo™,„„och,o„ pyri™d,„e dye J asIL^ 
commercally available urfer .he mde,«„e Drimal™, and Wma«„e L 

F-B. Dnmalan Vellow F-SOL, Drin,ala„ Black F-B, Drimarene Golden YeZ^<^ 
Dn^ne Bl. R-OL. D™a«n. BHH R«, R.,B. and Drtaa™. Brill Z^^^ 
the above ™cUon scheme TGA denotts a .hioglycolaw nK,i«y. 

The synthesis consists of two nart« th/. fire* ~— r t. 

oki « "'^ ^O"" *e preparation of mono S 

hlo™„ono.2.flu«o„„>„o^a,„,,,,„„„ pyrtmidine dye and J second pLtT^ 
prepara.,0. 't moro-i^Z^yl^^^y^ ^^^^ ""^ 

'™ is .hen added 

drepwis. .0 the «.c«on m«nm> wift sUning. The wul addinon toe is 1-1 5 houn 
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The pH of the reaction mixture is maintained at pH 9.8-10 and at a temperature of 0-5°C 
throughout the addition of mercaptoacetic acid. 

The reaction is then allowed to proceed at 5X and pH 9.8-10 (which is corrected using 
sodium carbonate and HCl) for 15 hours. The end-of-reaction point for this part of the 
synthesis is indicated by the pH of the reaction system remaining constant for more than 
5 minutes. At this point, the mono-5-chloro-2-fluoro-mono-4-thioglycolato pyrimidine 
dye is obtained. Using 6N HCl the pH of the system is then reduced to below pH2 to 
terminate the reaction. KCl (=35% of the total solution) is then added td the reaction 
mixture in order to precipitate the dye. Filtration using Whatman filter paper followed. 
The precipitate is then washed with acetone for 4-5 times (=50ml of acetone used each 
time) to obtain the mono-5-chloro-2-auoro-mono-4-thioglycolato pyrimidine dye. 

Synthesis of mono-5-chloro-2-nicotinv) -4.thioglvcolato pyrimidine dye 

0.1 moles of the mono-5-chloro-mono-2-fluoro-4-thioglycolato pyrimidine dye in 
distilled water prepared in the first part of the synthesis is reacted with 0.3 moles of 
nicotinic acid. The temperatures of the reaction system is then raised to 80 ± 1°C and 
the pH adjusted to 5.5. The reaction is allowed to proceed under these conditions for 3- 
4 hours. Again a rapid change of the pH of the synthesis system is observed. The end 
point of the reaction is indicated by the stabilisation of the pH for more than 5 minutes. 
The conditions of precipitation, filtration and acetone washing are the same as in the 
first part of the synthesis. The yield is over 85%. 

Example 8 

Synthesis of S-chloro-4-nicotinyl-2-t hioglycolato pyrimidine dye 

The 5.chloro-4-nicotinyl-2-thioglycolato pyrimidine dye is prepared using the synthesis 
route as illustrated in Diagram 8. 
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D HN 




40.50°C, pH 5.5.5 



D HN 




thiog! ^colic acid 




COO- 
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20 



D HN 
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N 
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Diagram 8 



SCH2C00H 




\ 
/ 



coo- 



In the reaction scheme D is a chromophore and varies depending on which starting dye 
IS used. In the present example Drimarene 

Brill Red 4-KBL is used as the starting material. Drimalan Red FB can be substituted 
for a variety of other suitable difluororaonochloro pyrimidine dyes or trichloro 
pynmidme dyes such as those commercially available fiom Clariant under the 
tradenames Drimalan and Drimarene. including Drimalan Red F-B, Drimalan Yellow F- 
R, Drimalan Blue F-G, Drimalan Blue F-B, Drimalan Yellow F-3GL, Drimalan Black 
F-B, Dnmarene Golden Yellow R-G2R, Drimarene Blue R-GL, and Drimarene Brill 
Red R-8B. In the above reaction scheme TGA denotes a thioglycolato moiety. 

15 The synthesis consists of two parts, the first part for the preparation of 5-chloro-l- 
nicotinyl.2-fluoro pyrimidine dye and the second part for the preparation of 5-chloro-4. 
nicotinyI-2-thioglycolato pyrimidine dye. 
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O.l moles of pure Drimarene Brill Red K-4BL dye and 150ml of distilled water are 
introduced into a flask. 0. 1 mole of nicotinic acid is then added dropwise to the reaction 
mixmre under stirring, from a dripping funnel. The total addition time is 1-1.5 hours. 
The pH of the reaction system is maintained at pH 5-5.5 and the temperature of the 
5 reaction system 40-45°C, throughout the addition of nicotinic acid. 

The reaction is then allowed to proceed at 40^5«C and pH5-5.5 (which was corrected 
using sodium carbonate and HCl) for 3^ hours. The end-of-reaction point for this part 
of the synthesis is indicated by the pH of the reaction system remaining constant for 

10 more than 5 minutes. At this point, the 5-chloro-4-nicotinyl-2-fluoro pyrimidine dye is 
obtained. Using 6N HCl. the pH of the system is then reduced to below pH 2 to 
terminate the reaction. KCl (=35% of the total solution) is then added to the reaction 
mixture in order to precipitate the dye, Filtration using Whatman filter paper follows. 
The precipitate is then washed with acetone 4-5 time (=50ml of acetone is used each 

1 5 time) to obtain the 5-chloro-4.nicotiny l-2-fluoro pyrimidine dye. 

g ynth^^iQ nf s-chloro.4- ni''ntinvl.2-thioPlvcolato pyrimidine dye 

0.1 moles of the 5-chloro-4-nicOtinyl-2-fluoro pyrimidine dye obtained from the first 
part of the synthesis is dissolved in water and introduced into a 400ml flask. 0.1 moles 
of mercaptoacetic acid is then added dropwise to the reaction mixture with stirring. The 
total addition time is 1-1.5 hours. The pH of the reaction scheme is maintained at pH 5- 
5.5 and the temperature of the reaction system 50-55*'C throughout the addrtion of 
mercaptoacelic acid. 

The reaction is then allowed to proceed at 50.55«C and pH 5-5.5 (which is corrected 
using sodium carbonate and HCl) for 32-35 hours. The end-of-reaction point for this 
part of the synthesis is indicated by the pH of the reaction system remaining constant for 
more than 5 minutes. At this point, 5-chloro-4-nicotinyl-2-thioglycolato pyrimidine dye 
is obtained. Using 6N HCl, the pH of the system is then reduced to below pH 2 to 
terminate the reaction. KCl (=35% of the total solution) is then added to the reaction 
mixture in order to precipitate the dye. Filtration using Whatman filter paper follows. 
The precipitate is then washed with acetone for 4-5 times (=50ml of acetone used each 
time) to obtain the final dye product. 

Example 9 

S ynthesis of nicotip ylthinplvcolat^ giiinnxaline dve 



20 
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The nicoiinylthioglycolato quinoxaline dye is prepared 
illustrated in Diagram 9. 



using the synthesis route as 



UK sy„Aes,s consist of ,w„ u,e pan f„ u,. preparaUon of 

mo„o«a,o ,„i„oxa.i„e dy. ^ u,e second par. for d,e p„Uo„ o 
mo„o>h,„g,ycola,o™nonic„.M quinoxaline dy. as sl,„™ i„ u,e rcacUon n,ccl^sm 




thioglycolic acid 




SCHjCOOH 



nicotinic acid 




SCH2COOH 



Diagram 9 
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In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used In the present example, Levafix Goldgelb E-G commercially available from 
DyStar is used a starting material but this can be replaced by any suitable quinoxalme 
dye such as Levafix Brilliant Blue E-B. Levaf.x Brilliant Red E-RN and Levafix Brown 
5 E-2R. 

<; ynthP<;is of monot hinplvcolaton'nnnxaline dve 

0 1 moles of pure Levafix Goldgelb E-G dye in distilled water is introduced into a flask. 
10 0 1 moles of mercaptoacetic acid is then added dropwise to the reaction mixture with 
stirring The total addition time is I hour. The pH of the reaction system is maintained 
at pH 9 and the temperature of the reaction system 30-35°C throughout the addition of 
mercaptoacetic acid. 

15 The reaction is then allowed to proceed at 30-35°C and pH 9 (which was corrected 
using sodium carbonate and HCl) for 4-5 hours. The end-of-reaction point for this part 
of the synthesis is indicated by the pH of the reaction system remaining constant for 
more than 5 minutes. At this point, thioglycolato quinoxaline dye is obtained. Using 
6N HCl the pH of the system is then reduced to below pH2 to temiinate the reaction. 

20 KCl (=35% of the total solution) is then added to the reaction mixture in order to 
precipitate the dye. Filtration using Whatman filter paper follows. The precipitate is 
then washed with acetone for 4-5 times (s50ml of acetone used each time to obtain the 
dye product. 

25 Sy^^hesis of ni^">invlthiQglv ^-'''^" r^innnxaline dve 

0 1 moles of the dye obtained from the first part of the synthesis and 0.3 moles of 
nicotinic acid are dissolved in distilled water in a flask. The temperature of the reaction 
system is then raised to 50-65<'C and the pH adjusted to 4-4.5. The reaction is allowed 
30 to proceed under these conditions for 5-6 hours. Again a rapid change of the pH of the 
synthesis system is observed. The end-of-reaction point is again indicated by the 
stabilisation of the pH for more than 5 minutes. The conditions of precipitation, 
filtration and acetone washing are the same as above. The yield is over 85%. 

35 Example 10 



Synthesis of rnmpound IOC 
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m dye de„o,ed ,0C is „3ing A. syndesis «,u.. as illus«a«d in Diasram 
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Diagram 10 

In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example, Procion Red MX-8B commercially available from 
5 BASF is used a starting material but this can be replaced by any suitable triazine dve 
such as Procion Yellow MX-8G and Procion Blue MX-2G. 

Synthesis of 1 OR 

10 0.2 moles of Procion Red MX-8B dye is dissolved in water and reacted with 0. 1 moles 
of ethylene glycol-bis-thioglycolate by stirring at 0-5X and maintaining the pH at 7.0 
(additions of NaHCOs as required) for 6 hours ( or until the pH remains constant). The 
product of this reaction is compound 1 OB. 

15 Synthesis of 1 0C 

Compound lOB is then reacted with 0.3 moles of nicotinic acid at pH 5-5.5 at 50-55°C 
for 4 hours ( or until the pH remains constant). 

20 At this point the pH of the aqueous dye solution is reduced to 2.0 and the solution 
cooled to below 5°C. The required dye IOC is filtered off and dried. 

Example 1 1 



25 Synthesis o f dve compnimd 1 1 n 
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nicotinic acid 



D-HN 




SCH2-C0-0 O-CO-CH2-S- 



COO- 




SO2 OSOj- 



COO- 



CUD) 

In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example, Procion Red MX-8B commercially available from 
BASF is used a starting material but this can be replaced by any suitable triazine dye 
such as Procion Yellow MX-8G and Procion Blue MX-2G. 

0.1 mole of Procion Red MX-5B is dissolved in water and slowly added to a chilled 
stirred aqueous solution of 0.1 moles of ethylene glycol-bis-thioglycolate. The solution 
temperature is 0-5°C and is maintained at this temperature. The solution is maintained 
at pH 7 throughout the reaction by the addition of sodium bicarbonate. The 
intermediate dye 1 lA is formed when the pH stabilizes. 

An aqueous solution of p-aminobenzenesulphatoethylsulphone is prepared and 
maintained at pH 6-7 and O-SX. Cyanuric chloride is then added to this solution to give 
a compound having the formula (1 IB): 

0.1 moles of compound IIB is then slowly added to an aqueous solution of the 
intermediate dye 1 1 A, maintaining the pH at 7 and the temperature at O-S'C. When the 
pH is stabilized (5-6 hours), the reaction is complete. The product from this reaction 
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(1 IC) is then reacted with 0.3 moles of nicotinic acid at pH 5-5.5 at 50-55^C for 5 hours 
or until the pH remains constant to produce the final dye compound 1 ID. 

5 Example 12 

Synthesis of 12C 

The synthesis takes place according to the following reaction mechanism: 
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nicotinic acid 



1 




SCH2CH2NH 



COO" 




S02CH2CH20S03- 



(12C) 



10 



15 



In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example, Procion Yellow MX-8G commercially available from 
BASF is used a starting material but this can be replaced by any suitable triazine dye 
such as Procion Red MX-8B and Procion Blue MX-2G. 

An aqueous solution of Procion Yellow MX-8G (0.1 mole) is slowly added to an 
aqueous solution of 0.1 cystamine at pH6 and 0-5X. The pH is maintained at pH 6 by 
the addition of NaHCOs. After 4 hours the pH stabilizes and the reaction is complete. 
Dye intermediate 12A is obtained. 

0.1 moles of compound IIB prepared in example 1 1 is then slowly added to 0.1 moles 
of aqueous soluUon of dye 12A at 30°C and pH7. After 2 hours the pH stabilizes. 
Quatemization of the resulting product 128 is then carried out by reaction at SO'C and 



5 
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pH 5 with 0.3 moles of nicotinic acid. The reaction is complete when the pH has 
stabihzed. The final dye 12C is isolated by cooling to 5»C and filtered off. 

Example 13 

Synthesis o f Compounfl 1 -^R 



dye compound I3B is synthesised according to the reaction mechanism below 
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In the reaction scheme D is a chromophore and varies depending on which starting dye 
is used. In the present example, Procion Yellow MX-8G commercially available from 
5 BASF is used a starting material but this can be replaced by any suitable triazine dye 
such as Procion Red MX-8B and Procion Blue MX-2G. 

0.1 moles of cyanuric chloride in acetone was slowly added over 30 minutes to 0.1 
moles of compound 12A in aqueous solution at 0-5°C at pH7. When the pH stabilised 
1 0 the reaction was complete and compound 1 3 A was obtained. 
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0. 1 moles of compound 1 3 A was dissolved in water and added to aqueous solution of p- 
phenylene diamine (0.05 moles) while maintaining the pH and 6 and temperature at 
30°C. After 30 minutes the pH stabilizes and compound I3B is obtained. 

0.5 moles of nicotinic acid is then added to an aqueous solution of compound 13B. The 
pH was maintained at 5 and the temperature at SOX. After 4 hours the pH was judged 
to be stabilized and compound 13C was obtained. 

Example 14 

Compound 14B is prepared by the reaction mechanism below. 
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In r.a«,o„ scheme D is a chromophore and varies depending on which suning dye 
.s used. .„ ae p^„. example. P^cion Yellow MX-SG comme,cialiy available from 
BASF .s used a saning material but this can be replaced by any suitable tfaane dye 
such as Procron Red MX-SB and Procion Blue MX-20. In U,e reacdon scheme D' is a 
chromophore and varies depending „„ which staning dye is used. In ,he presen, 
example. Procion Red MX-SB was used bu, d,is can b. replaced by any sui«ble iriazme 



0.1 moles of compound I2A is reacted with 0.1 moles of Procion Red MX-SB at pH 7 
10 and 30»C for 2 hours. The pH is maintained at 7 by the addition of NaHCO, 
Compound 1 4 A was obtained. 

0.1 moles of Compound 14A iss then reacted with 0.2 moles of nicotinic acid at SO'C 
and pH5 for 2 hours. When the pH stabilizes compound 14B is produced. 



15 



20 



25 



Example 1 5 

The 5-chloro-4-nicotinyl-2-fluoro pyrimidine dye is prepared using the synthesis route 
as illustrated in Diagram 15. 



D HN 




40-50°C, pH 5.5.5 




coo- 



Diagram 1 5 



In the reaction scheme D is a chromopho.^ and varies depending on which starting dye 
IS used. In the present example Drimarene Brill Red 4.KBL is used as the starting 
matenal. However any suitable pyrimidine containing dye can be used as a starting 
material mcluding any Drimalan F dye, any Drimarene R dye and any Drimarene K dye 
commercially available from Clariant. 
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<;vnthesis of 5-chloro-4-nicotinvl-2-fluoro pvrimidine dve 

0.1 moles of pure Drimarene Brill Red K-4BL dye in water are introduced into a flask. 
0. 1 mole of nicotinic acid is then added dropwise to the reaction mixture under stirring, 
5 from a dripping funnel. The total addition time is 1-1.5 hours. The pH of the reaction 
system is maintained at pH 5-5.5 and the temperature of the reaction system 40-45*C, 
throughout the addition of nicotinic acid. 

The reaction is then allowed to proceed at 40-45'*C and pH5-5.5 (which is corrected 
10 using sodium carbonate and HCl) for 3-4 hours. The end-of-reaction point for this part 
of the synthesis is indicated by the pH of the reaction system remaining constant for 
more than 5 minutes. At this point, the 5-chloro-4-nicotinyl-2-fluoro pyrimidine dye is 
obtained. Using 6N HCl, the pH of the system is then reduced to below pH 2 to 
terminate the reaction. KCl (=35% of the total solution) is then added to the reaction 
15 mixture in order to precipitate the dye. Filtration using Whatman filter paper follows. 
The precipitate is then washed with acetone 4-5 time (=50ml of acetone is used each 
time) to obtain the 5-chloro-4-nicotinyl-2-fluoro pyrimidine dye. 

The compounds prepared according to Examples 1 to 15 all have high Fixation Values 
20 on cotton fabrics (>95% as measured by the Fixation Value Technical Test Method 
described hereinabove). 

In addition, the compounds prepared according to Examples 1 to 15 all have high 
Efficiency Values (T) on cotton fabrics (>90%) as calculated using the Fixation Values 
25 and Exhaustion Values obtained from the Fixation Value and Exhaution Value 
Technical Test Methods described hereinabove. 

In addition, the compounds herein have high Exhaustion Values (E), and show 
significant improvements in terms of reducing spent dyestuff in effluent, increasing dye 

30 affinity to the substrate, increasing the dye-substrate covalent bonding, increasing the 
ability to dye substrates at room temperature, decreasing the amount of dye that is 
removed during the post dyeing "soaping off process" and therefore simplying the post 
dyeing "soaping off process" traditionally associated with dyeing cotton with fibre 
reactive dyes and reduction of staining of adjacent white fabrics. In addition, tiie 

35 compounds prepared above provide more intense dyeings and require less levels of salt 
for dyeing cotton substrates. These advantages can be demonstrated by the following 
Examples 16 and 17. 
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Example 16 



All dye compounds prepared according to Examples 1 to 15 can be used to dye cotton 
5 usmg the dyemg procedures detailed below. After the cotton dyeing procedure has been 
carried out a soaping-off process can also be carried out on the cotton fibre 



Cotton dyein g procednrg* 

10 An aqueous dye solution is prepared containing a dye compound according to any of 
Examples 1 to 15. The dye solution contains 12% on mass of fibre of dye, 80g/L 
Na2S04 and 5% on mass of fibre of sodium acetate. The cotton fabrics are soaked in 
water and then the cotton fabrics are dyed in the above dye-bath at pH 7 at 25 X for 30 
minutes. The dyed cotton fabric is then fixed in the dye-bath at pH 1 1.5 with addition 

15 of 30g/L of sodium formate and 5g/L NasCOj and dyeing continued at 25°C for 30 
minutes. The dyed fabric is rinsed with water. 

In the above dyeing procedure the dye bath for each dye compound is almost totally 
exhausted, indicating that the compounds prepared according to Examples 1 to 15 each 
20 have a high Exhaustion Value. 

Soaoing-ofF process 

A soaping off process can then be carried out by washing the dyed fabrics with an 
> aqueous solution of Sandozine NIE (2g/L) at 100°C for 30 minutes. 

In the above soaping-off process hardly any colour was removed from the fabric 
indicating that the compounds prepared according to Examples 1 to 1 5 each have a high 
degree of dye -fibre covalent bonding and a high Fixation Value. 

Co3 antematinn^l <ii^r.A ^ds Organisation) Wash Fa>;tnpcc T»cf 

The dyed fabrics are washed with an aqueous solution containing ECE Reference 
Detergent (5g/ml) and sodium carbonate (2g/ml) at 60°C for 30 minutes. 
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In the above wash .fastness test, no noticeable colour was removed from the cotton fibre 
and no staining of the while adjacent fibres occurred (using Multiple Fibre adjacent strip 
supplied by SDC Bradford). 

Example 17 

All dye compounds prepared according to Examples 1 to 1 5 can be used to dye nylon or 
wool using the dyeing procedures detailed below. After the nylon/wool dyeing 
procedure has been carried out a wash-test procedure can be carried out on the dyed 
fabric to test the wash-fastness of the dye compounds. 

Wool/Nvlon Dyeing Procedure 

The wool/nylon fabric is soaked in a 2% Alcopol-O (40% w/w sodium-d- 
isooctylsulphate succinate -commercially available from Allied Colloids) solution. The 
fabric is then dyed for 1 hour at 100°C and pH 3.5 in a dye-bath containing the 
following compositions: 1.2% on mass of fibre of dye prepared according to any of 
Examples 1 to 15, 5% on mass of fibre of sodium acetate, 1% Albegal B (commercially 
available from Ciba Geigy). The dyed wool/nylon fabric was then rinsed with water. 

In the above procedure intense dyeings are provided for each of the compounds 
prepared according to Examples 1 to 15. 

Col (ISO) Wash Fastness Test Proced ure for Wool/Nvlon Fabrics 

The dyed wool/nylon fabric is washed in an aqueous solution containing 5g/L of ECE 
Reference Detergent (commercially available from Society of Dyers and Colourists, 
Bradford, UK) at 50T for 45 minutes. 

In the above wash fastness test, no noticeable colour was removed from the wool fibre 
and no staining of the white adjacent fibres occurred ((using Multiple Fibre adjacent 
strip supplied by SIX; Bradford). 
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WHAT IS CLAIMED IS: 

1. Reactive dye having a Fixation Value (F) on cellulosic substrates of 95% or 
greater as measured by the Fixation Value Technical Test Method (at 21 
standard depth). 

2. Reactive dye according to Claim 1 wherein the Fixation Value is 91% 



3. 



4. 



5. 



6. 



7. 



9. 



0 or greater. 

Reactive dye according to Claim 1 or 2 wherein the Fixation Value is 99% or 
greater. 

Reactive dye according to any of Claims 1 to 3 having an Exhaustion Value (E) 
of 95% or greater as measured by the Exhaustion Value Technical Test Method. 

Reactive dye according to Claim 4 wherein the Exhaustion Value is 90% or 
greater. 



Reactive dye according to Claim 4 or 5 wherein the Exhaustion Value is 95% or 
greater. 



Reactive dye accordmg to any of Claims 4 to 6 wherein the Exhaustion Value is 
97% or greater. 



8. Reactive dye according to any of Claims 4 to 7 wherein the Exhaustion Value is 
99% or greater. 



Reactive dye having a Efficiency Value (T) of about 86.5% or greater, preferably 
90% or greater. 



10. Reactive dye according to Claim 9 having an Efficiency Value (at 2: 1 standard 
depth) of about 93% or greater. 

1 1 . Reactive dye according to Claim 9 or 1 0 having an Efficiency Value of about 
95% or greater. 
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12. Reactive dye according to any of Claims 9 to 1 1 having an Efficiency Value of 
about 97% or greater. 

5 13. Reactive dye according to any of Claims 9 to 12 having an Efficiency Value of 
about 99% or greater. 
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and/or Efficiency value. 



The claims cover all compounds having this characteristic or property, 
whereas the application provides support within the meaning of Article 6 
PCT and/or disclosure within the meaning of Article 5 PCT for only a very 
limited number of such compounds. In the present case, the claims so lack 
support, and the application so lacks disclosure, that a meaningful 
search over the whole of the claimed scope is impossible. Independent of 
the above reasoning, the claims also lack clarity (Article 6 PCT). An 
attempt is made to define the compound by reference to a result to be 
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render a meaningful search over the whole of the claimed scope 
impossible. Consequently, the search has been carried out for those parts 
of the claims which appear to be clear, supported and disclosed, namely 
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The applicant's attention is drawn to the fact that claims relating to 
inventions in respect of which no international search report has been 
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policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. 
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